ArcheoSciences
ARCHAEOLOGICAL BACKGROUND
Th e fi rst major project pertaining to the Chihuahua Culture was conducted by Charles Di Peso and colleagues during the late 1950's and early 1960's (Di Peso, 1974) . Th eir work was primarily concerned with the site of Paquimé (Casas Grandes), now a World Heritage site and the most renowned Mexican archaeological site north of Mesoamerica proper. Di Peso defi ned the Viejo, Medio and Tardio periods primarily on the basis of a few sites located in close proximity to each other. In 1989, interest in Chihuahua revived after Mexican archaeologists were assigned to the Chihuahua Regional Offi ce of the Instituto Nacional de Anthropología e Historia (INAH), and three long-term projects were initiated. One of these was the Proyecto Arqueológico Chihuahua (PAC) with Jane Kelley and Joe Stewart as co-directors (Stewart et al, 2005) . Th is was the only project to move into the upland part of the Chihuahua Culture area away from the lowland desert where the largest and best-known sites are located (Fig.1) Th e next important step in Viejo period research is to gain improved knowledge about whole settlements and their populations. In order to look at the larger picture, we need to know the size of communities in terms of numbers of structures and their placements, their temporal relationships, and whether there are specialized structures. To address these issues a new project was started in 2005. One of its main aspects is to use ground penetrating radar (GPR) to map and delineate entire sites and to more accurately locate archaeological features at Viejo period sites where structures have little or no surface expression. Sub-surface targets are buried under a relatively thin overburden consisting mostly of dry agricultural soil and alluvial sediments. From the experience of earlier projects, the maximum depth of cultural deposits is not expected to exceed 1 to 1.5 m. Archaeological signals are expected to originate mainly from packed clay fl oors, collapsed building materials, post-holes and occupation surfaces.
SURVEY PROCEDURES AND RESULTS
To date seven sites have been surveyed, ranging from 2,500 to 15,000 square metres. A Sensors & Software Noggin® 500 MHz system was used for all surveys. For all sites, a survey strategy based upon 50x25m sub-grids consisting of N-S profi les spaced 0.5 m apart was used. Along these profi les GPR traces were recorded at 2.5 cm intervals. Th e individual profi les were processed following a standard common-off set fl ow including: time-zero correction, dewow fi lter, spherical and exponential amplitude compensation, band-pass fi lter, and background removal. Additionally, an f-k migration using a constant velocity was performed. At all the sites velocities were determined by analysis of point refl ection hyperbolas at various locations and depths. In addition, for two of the most productive sites direct velocity measurements were performed by placing a length of rebar at various known depths in the wall of test excavations. Th ese experiments revealed low intra-site velocity variability. Consequently, a constant average velocity was used for migration and depth conversion of the GPR profi les. Th e pseudo-3D data sets were used to produce data volumes and time slices. While structures and other suspected archaeological targets were identifi ed at six of the seven sites, this paper describes results from only one site referenced as Ch-254 (Fig. 1) .
CH-254, the Calderon Site, is located on a tributary entering the Santa Maria Valley from the southwest (Fig. 1) . A minimum of 22 circular refl ective anomalies were identifi ed on time slices at diff erent depths and interpreted as pithouses. Figure 2 shows an example of such a time slice. Numerous other refl ecting areas are present, but their lack of regular shape makes it impossible to attribute them with certainty to archaeological targets without direct testing. To verify the interpretation of the circular patterns, two closely spaced anomalies were selected for trench testing in 2005. Two walls corresponding to two apparently distinct dwellings were discovered at the exact locations of the circular refl ections visible on the GPR time slices (Fig 3a and 3b) . Th e results were so encouraging that the northern structure was selected for full-fl edge excavating in [2007] [2008] (Fig. 3c) . Th e excavation revealed a complete partly subterranean house with several superposed fl oors. Th e dimensions of the house match closely what could be inferred from the GPR data. Th e fi rst fl oor appears at 0.25m depth while the fi rst refl ection on the GPR data appears at approxima- tely 40cm. Th is diff erence may be due to an overestimated propagation velocity, to the inability to record very shallow refl ections or to the fact that the bottom of the structure off ers the strongest refl ectivity contrast.
CONCLUSIONS
Th e use of GPR in this region does appear to allow for the mapping of sub-surface archaeological features, both horizontally and vertically. Subsurface mapping of entire Viejo period settlements is therefore a defi nite possibility. Higher resolution surveys on limited area of the study sites, not discussed in this overview paper, have shown that smaller, specifi c features, such as house posts, are identifi able within suspected pithouses. Th ese details added to accurate estimates of the dimensions of structures before excavation are an invaluable help in the planning and execution of major excavation projects.
Th e refi nement and systematic use of GPR surveys in the region will allow for more effi cient use of archaeological fi eld time and research funds. By defi ning the size of pithouses, along with their horizontal and vertical distributions, questions pertaining to land use and social organization may be acquired with fewer large-scale, time consuming excavations. Th e advantage here lies not only in a more effi cient use of research funding, but also in the protection of the prehistoric cultural resources themselves as excavation identifi es the location of sites which may, and often does, lead to looting.
